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DEVELOPMENT OF 2IN1 TYPE SCROLL COMPRESSOR 
Isao Kawabe. Tsutomu Ichikawa, Masayuki Hibi and 
Masayoshi Nakamura 
Abstract 
The 2inl type scroll compressor has been developed to cope with 
needs for mounting it in multi-system air conditioners for buildings, 
in which two scroll compressor units of different capacities are 
housed in a casing and one unit is controlled by the inverter. 
Merits realized by the compressor include 1) expansion of variable 
capacity range. 2) high·effieiency operation. 3) improved reliability 
of the compressor and 4) cost reduction as an entire system. 
1. Introciuetion 
Many medium and small scale buildings in Japan employ 
sectionalized air conditioning systems in which a number of small· 
capacity heat pump type air conditioners is >nstalleci. The mul'ti· 
sys'tem air condi'tioner for buildings is a represen'tative type 1:ha1: 
can apply to needs for sectionalized air condi'tioning of building, 
and consists of a heat-pump type air conditioning system where a 
number of indoor units is connec-red to an outdoor unit. Each 
connec-red indoor uni't is operable individually. while controlling the 
capacity of the outdoor unit according to operation sta-rus. 
Consequently. the outdoor unit should be variable in capacity and, 
the more 'the number of indoor units connected, the larger the 
capacity variable range is required. Regarding reliability. it is 
important to keep normal oil level in the compressor and to have a 
allowance for liquid hack of refrigerant: because .long piping and 
large charge of refrigerant are needed. 
Conventionally. we used a pair of reciprocating compressors 
driven by inverter system for the large scale multi-system air 
conditioner. However, the maximum revolving speed of a reciprocating 
compressor is limited because of difficulties in the structure. 
noise. reliability of valves and saturation of operating capacity. 
Therefore. it suffered from a defect of narrower range to vary 
capacity by controlling revolving speed. 
The scroll type compressor, recently attracting wide attention. 
is more excellent in high-speed operation characteristics than those 
of the reciprocating type. and can take a wider range of variable 
capacity hy increasing the maximum revolving speed. However, an 
ordinary scroll type compressor cannot fulfill the requirement of 
large scale multi·system air conditioner. The authors have 
successfully developed a new type of 2inl scroll compressor in which 
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two sc~oll compressor units are 
housed in a casing. 
describes its outline. 
2. OUtline of Air Conditioning Syste
m 
This paper 
Fig. 1 shows the configuration of 
the air conditioning system. 
A maximum of 8 indoor units is co
nnected to an outdoor unit, where 
the functions of the outdoor unit
 are controlled according to the 
number of operating indoor units.
 In addition, there is a multi-
controller installed between the 
indoor units, which distributes 
refrigerant into each indoor unit a
ccording to the capacity rank and 
operation status of the indoor uni
ts. and controls their capacities. 
The indoor units are classified in
to various powers of 1 HP - 5 HP 
(refrigerating capacities 2.9 KW
- 14.5 KW), and can be connected 
together up to a total capacity of
 12 HP (35 KW) in combination. A 
maximum piping length in use is 
100 m while permitting a ma~imum 
level difference of 50 m. Theref
ore. the system can apply up to a 
building of 15 stories. 
With such a system as described
 above, the compressor is 
required to have the following char
acteristics: 
1) Large range of variable capaciti
es 
2) High efficiency in the entire ra
nge of capacity 
3) High reliability 
To satisfy all the requirement
s above, the authors have 
developed the 2inl type scroll co
mpressor in which two mechanical 
units of scroll compressor a
re housed in a casing. The
 
characteristics of the compressor a
re described in the following. 
3; Characteristics of the 2in1 Scroll Compressor 
3-1 Construction 
The section view of the entire co
mpressor is shown in Fig. 2. 
In one casing, there are 2 units o
f vertical type scroll compressors 
having different capacities. arran
ged parallel to each other. One 
unit is driven by an inverter wh
ile the other being driven by the
 
commercial power supply. Eac
h of the 2 units is operated
 
independently from each other acc
ording to ~he instruction from a 
microcomputer depending on loading
 to the air conditioner. There is 
a suction pressure inside the casin
g. 
3-2 Range of variable capacity 
The range of variable capacity of 1
 HP- 10 HP (2.9 KW.- 29 KW) 
for one compressor is enabled by 
any of the following measures, by
 
controlling the revolving speed of 
inverter; 
1) Revolving speed is varied in abo
ut 900 rpm - 9000 rpm. 
2) The change of revolving speed is
 combined with an unloader. 
Part of household small air condit
ioners actually-use a method 
such as above. However, with a lar
ge air conditioning system, these 
methods cannot satisfy the requ
irements of high efficiency and
 
reliability in ~he en~ire range of 
capacity. 
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Conventionally, our multi-system air conditioners 1.1sed to 
assemble 2 reciprocating compressors parallel to each other in the 
refrigerating cycle. However, conventional reciprocating compressors 
often suffered from various difficulties in the structure. noise, 
reliability of valves, saturated capacity and other operation 
characteristics at high revolving speed. Therefore, the maximum 
revolving speed was not satisfactorily high, thus the range of 
variable capacity based on controlling the revolving speed being 
suppressed low. consequently, both compressors should be controlled 
by the inverter. 
The capacity variable system now incorporated utilizes 2 scroll 
compressors that: are driven by the inverter and commercial power 
supply, respectively. As shown in Fig. 3, capacities 1 HP - 5 HP 
(2.9 KW - 14.5 KW) are varied by controlling the compressor No. 1 
using the· inverter. With a capacity larger than 5 HP required. the 
compressor No. 2 driven by commercial power supply is operated at: the 
same time. The maximum capacity of the inverter-driven compressor No. 
1 is set substantially the same as that of the compressor No. 2. By 
means of this system, a capacity variable range of 1 HP - 10 HP (2.9 
KW - 29 KW) has been obtained while using the inverter and its 
control system only for a compressor, thus system cost has been 
reduced considerably. 
3-3 Efficiency 
Fig. 4 compares the efficiency of the 2inl type compressor with 
those in another case where one compressor is used with variable 
capacities. (referred to as single type in the following) and still 
another case where two reciprocating compressors are used. The 
efficiency of a general inverter scroll compressor becomes maximum at 
about: 3600 rpm while decreasing in a higher or lower revolving speed. 
This trend is significant particularly in lower rpm side. With the 
2inl type. a minimum capacity of 1 HP is available at a revolution 
speed of 1800 rpm for the compressor in the inverter side. by 
stopping the compressor in the commercial line side. The efficiency 
of this type is greatly higher than that of the single type. Thus, a 
high-efficiency m1.1lti-system air conditioner has been· aceomplished. 
3-4 Reliability 
In the air conditioning system shown in Fig. 1. the quantity of 
refrigerant becomes 30 kg or even more provided piping length is 100 
m. System operating conditions are very complicated because the 
number of operating indoor units and the loading vary. The 
compressor m1.1st be reliable enough to cope with these conditions. In 
fact. the following is most important: -
1) Retention of necessary oil charge in the compressor. 
When the compressor is operated in a small eapacity. the flow 
rate of refrigerant in each cycle becomes so small that part of oil 
discharged from the compressor into the loop circuit hardly returns 
to the compressor. An oil charge in the compressor should be such 
that satisfactory oil is supplied to bearings even in the state 
described above. 
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2) Margin to the dilution of lubricant 
Satisfaetory volume of oil should be initially charged to 
suppress dilution of oil to a minimum even when liquid refrigerant is 
returned and mixed with the oil or stagnated in the compressor. 
3) Prevention of liquid compression 
Fig. 5 compares the oil charge-of the 2inl type with those of a 
single type compressor and 2 single type compressors. The volume of 
oil discharged into the cycle is broken down into: 
1) Oil circulating in the cycle together with refrigerant 
2) Oil adhering on the piping wall and the tank 
With the system using 2 single type compressors. the size of the 
casing is so small that the oil charge cannot be made so large with a 
small permissible discharge volume of oil into the cycle. 
Consequently, as shown in Fig. 5, the volume of oil discharged into 
the cycle is larger than the permissible volume of discharged oil 
bringing out the matter of low reliability. To prevent it. an 
auxiliary cycle unit such as an oil separator is needed. In 
addition, a complicated control system for balancing the oil levels 
of the 2 compressors. With the 2inl type, two mechanical units are 
arranged parallel to each other in a casing. Therefore, the 
following features are realized: 
1) Balance between oil levels need not be controlled. 
2) The inner volume of the casing is so large that a satisfactory 
volume of oil can be charged. 
3) Gas and liquid can be separated efficiently. 
Thus, the system can cope with the important requirements in 
high reliability. On the other hand, because the size of the casing 
becomes larger and two units are housed in a casing. some problems 
which are described later bring about. However, these problems have 
been solved by a new idea. 
4. Solution of T-echnic:al Problems 
4·1 Fixing of the mechanical units 
The stiffness of fixing the mechanical units is lower than that 
of a single "type compressor. because two mechanical ·units are housed 
in a large casing. The stiffness were compared and studied by the 
mode-frequency analysis of FEM as shown in Fig. 6. Fig. 6 (a) 
depicts "the vibration mode of "the single type compressor in a natural 
vibration frequency of 3.640 Hz. To the contrary, the mode of Fig. 6 
(b) relates to "the 2inl type in which the natural frequency is as low 
as 230 Hz. It was revealed in the latter case that the amplitude of 
vibration during operation became so large "that stresses of inner 
parts suc:h as the discharge tube might possibly exceed permissible 
values. as a problem to be solved. Methods to increase natural 
vibration frequency include: 
1) Spring constant is increased using fixing members of higher 
stiffness. 
2) Veight cf mechanical parts is made lighter. 
3) Vibration mode is varied by increasing the number of supporting 
points or changing support~ng locations. 
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The method 1) is less effec-cive while ca~sing pz:oblems in man~fac-c~•~ng and cos-c. 
Further development of 'the method 2) is vez:y diffic~1-c beca~se the weigh-c of the system has been already made as light as possible by adopting al~in~ alloy fez: scrolls -co be detailed in the next chapter. 
Conseq~en-cly. the rne'thod 3) was st~died. As a res~lt. it was noted -chat -che phases of the 2 mechanical units were reverse to each o-cher as shown in Fig. 6 (b). Hence. an idea to connec't the mechanical ~nits in the upper paz:ts with each other was proposed and analyzed. The z:esult is shown in Fig. 6 (c). The vibz:ation mode obvio~sly changes (the phases of 'the 2 mechanical uni'ts become the same) while improving the natural vibration frequency to 610 Hz. abo~-c 3 times as high as -cha-c in Fig. 6 (b). !herefoz:e, the idea was adop-ced. In addition. stresses applied -co the internal parts were measuz:ed while z:evealing that there were no problems because meas~red val~es denoted as small as 1/15 times those of Fig. 6(b). 
4·2 Red~ction of inert4al mass 
The mechanical unit in the inverter s1de of the compressor is opez:ated at a max~mum revolution speed of 7200 z:pm. Therefore, it 1s requiz:ed to Inlnimize t:he mass of 'the moving par'ts. Hence, an al~in1um alloy is 1ncorporated as an orb1t: scroll material to make t:he mass as small as about 1/3 of that ·of the iron base material. To confirm the effect. swing1ng deflect1on owing to bending of the crankshaft duz:1ng operation was analyzed by FEM. Figs. 7 and 8 denot:e 'the analys1s model and the result. respectively. Compared to the case where an 1ron base ma'tez:ial was used as the orbit scroll material. deflection of the cz:ankshaft is extremely smaller. particularly during h1gh·speed operation. Thus. high-speed operation chaz:acteristics are impz:oved while z:educing noise, vibz:ation and loading to the bearing. In addition. c~tting property of the al~inium alloy greatly 1nereased t:he ·speed to pz:ocess •he scroll. 
4·3 Red~et1on of noise 
The s1ze of the casing for the 2inl compressor is larger than that: of the single type. which results in smaller s•iffness as a vibz:ation system. In particular. noise during h1gh·speed opez:ation is problematic. The matter of noise oz:1ginally could not be solved completely only by 1ncreasing the stiffness to fix the mechanical ~n1ts by the met:hod descz:ibed above and red~cing the inertial mass. Therefoz:e. it: was req~iz:ed to reduce noise evolved fz:om the s~rface of the casing owing to vibz:ation of the casing. Conseq~ently. v1bration mode of the casing d~ring operation was experimentally ascerta1ned d~z:ing the development: woz:k, and a mass was eff¢ctively added to the casing. 
Fig. 9 shows the measured result of vibration mode at 1400 Hz, 'the most affecting frequency in the noise of the presen't compressor. A mass was added to the location showing the maximum vibz:ation amplitude of Fig. 9. The opt~mum weigh"!: and shape of a member for the mass was determ1ned by test1ng. 
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The effeC't of "the added mass is shown in Fig. 10. 
Noise 
reductign effec1:s were 3 dB in overall value and 3 d6 tg 
11 d6 in the 
frequency band of a problem. 
Conclusions 
The developmen't of the Zinl type scroll compressor brough
t about 
the follQWing merits: 
1) Having a variable capaci1:y range of 1 HP to 10 HP {
2.9 KW · 29 
ICW), 'the air condi'tioner can apply to various loading
· conditions 
including multi-system air conditioners for buildings. 
2) The wider capacity range results in a higher effi
ciency and 
realiZed the multi·system air conditioners in higher effic
iencies. 
3) Reliability of the new system became sa'tisfac"tory for 
1:he cycle of 
long piping and high refrigerant charge. 
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Fig.2 Construct1on of the 
2in1 scroll compressor 
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Fig. 7 FEM analysis model 
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